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(54) Antenna element 

(57) An antenna element has a radiation electrode 
(20) formed mainly on one surface (11) of a dielectric 
substrate (10). The radiation electrode is substantially 
symmetric in form with respect to the center thereof, and 
has a first half (30) and a second half (40) with the same 
direction of main polarization of radiation emitted there- 
from. Each of the halves of the radiation electrode may 
be a quarter-wave antenna for a wavelength of the emit- 
ted radiation. A power supply conductor (50) to be con- 



FIG. 1A 



nected to a high frequency signal source (70) is con- 
nected to the first half of the radiation electrode, and a 
ground conductor (60) to be connected to a ground is 
connected to the second half. A total impedance of the 
first half of the radiation electrode and the power supply 
conductor and a total impedance of the second half of 
the radiation electrode and the ground conductor can 
substantially match to one another, so that resonance 
between the halves of the radiation electrode can be en- 
hanced and a wider bandwidth can be realized. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims convention priority 
based on Japanese Patent Applications No. 
2001-63168 filed on March 7, 2001, and 2001-295743 
filed on September 27, 2001 . These Japanese patent 
Applications are references of this application. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a small anten- 
na element suitable for use in a mobile telecommunica- 
tion device, in particular, to a surface-mounted antenna 
element. 

2. Description of the Related Art 

[0003] An antenna element used in a mobile telecom- 
munication device may often be a linear antenna ele- 
ment, in particular, a half-wave antenna element having 
a length one-half a wavelength for a used frequency to 
produce resonance. However, for miniaturization of an- 
tennas, a monopole antenna consisting of a quarter- 
wave radiation electrode has come into use. 
[0004] While the quarter-wave monopole antenna 
can be miniaturized easier than the half-wave antenna 
because of its shorter radiation electrode, it has a prob- 
lem in that a radiation characteristic thereof is disturbed 
by an induced current occurring in a board-grounding 
conductor or housing for electromagnetically shielding 
a circuit of the telecommunication device. To solve this 
problem, in US Patents 5,51 7 : 676 issued May 14, 1 996 
and 5,903,822 issued May 11 , 1 999, there has been pro- 
posed a technique of using a quarter-wave monopole 
antenna and canceling the effect of the induced current 
flowing through a housing by forming a recess in the 
housing at a position distant from an antenna feeding 
point by a quarter of a wavelength for a used frequency. 
Besides, a technique of canceling the effect of the in- 
duced current by providing a stub having a length of a 
quarter of the wavelength has been proposed. However, 
these techniques contradict miniaturization. 
On the contrary, the half-wave antenna element has the 
advantage of being less affected by the board-ground- 
ing surface. However, since the half -wave antenna re- 
quires the radiation electrode longer than that of the 
quarter-wave antenna, it is not suitable for miniaturiza- 
tion, and therefore has typically been used as the mo- 
nopole antenna pulled out of the telecommunication de- 
vice. 

[0005] Furthermore, a chip antenna, which is a small 
chip, having a radiation electrode formed on a dielectric 
substrate has the advantage that the antenna element 
can be miniaturized and the substrate can be mounted 



on a printed wiring board. However, it has the disadvan- 
tage that an available frequency bandwidth is narrow. 

SUMMARY OF THE INVENTION 
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[0006] Thus, an object of the present invention is to 
provide a small antenna element with a stable charac- 
teristic that can be enhanced in radiation efficiency and 
bandwidth thereof. 
10 [0007] Another object of the present invention is to 
provide a telecommunication device having the antenna 
element mounted thereon, for example, a telecommu- 
nication device mounted on a cellular phone, a head- 
phone, a personal computer, a notebook PC, a digital 
1* camera or the like as an antenna for Bluetooth. 

[0008] Another object of the present invention is to 
provide an antenna element having a radiation elec- 
trode of a shape symmetric with respect to the center 
thereof, both the halves of the radiation electrode being 
20 matched in impedance, and capable of producing en- 
hanced resonance in the antenna portion, and a tele- 
communication device having the antenna element. 
[0009] An antenna element according to the present 
invention comprises a dielectric substrate, and a radia- 
ns tion electrode of an electric conductor formed mainly on 
a surface of the dielectric substrate. The dielectric sub- 
strate is a dielectric chip, preferably a hexahedron of di- 
electric material. The antenna element has a powersup- 
ply conductor and a ground conductor, which are con- 
30 nected to the radiation electrode, on the dielectric sub- 
strate, preferably on a surface other than the surface of 
the dielectric substrate on which the radiation electrode 
is formed. The radiation electrode has first and second 
halves, the first and the second halves being substan- 
35 tially symmetric in form to one another with respect to 
the center of the radiation electrode and being to radiate 
with the same direction of main polarization of radiation 
emitted from the radiation electrode. The first half has a 
first open end at its outer end and a first connection ter- 
40 minal adjacent to the center. The second half has a sec- 
ond open end at its outer end and a second connection 
terminal adjacent to the center, the second connection 
terminal being at a distance from the first connection ter- 
minal on the radiation electrode. A power supply con- 
45 ductor is formed on the dielectric substrate and connect- 
ed to the first connection terminal at one end thereof and 
has at the other end a terminal for connecting to a high 
frequency signal source. A ground conductor is formed 
on the dielectric substrate and connected to the second 
50 connection terminal at one end thereof and has at the 
other end a terminal for connecting to a ground. 
[0010] A portion of the first half between the first open 
end and the first connection terminal is asymmetric in 
form to a portion of the second half between the second 
55 open end and the second connection terminal. Alterna- 
tively, the powersupply conductor is asymmetric in form 
to the ground conductor. Due to this asymmetric form, 
the total impedance of the power supply conductor and 
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the portion of the first half between the first open end of 
the frst half and the terminal of the power supply con- 
ductor a: the other end for connecting to a high frequen- 
cy siqrMi source and the internal impedance of the high 
frequency siqral source can substantially match, in total 
impedance the g-ound conductor and the portion of the 
second half between the second open end of the second 
half and the terminal of the ground conductor at the other 
crd for connecting to a ground. 

[0011) in the antenna element according to this inven- 
ticn t is preferred that the first and the second halves 
of the rnantion electrode connect capacitively to a 
ground a! the f rst and at the second open ends, respec- 
tively F j'T^o' preferably, the antenna element further 
comprises crcuna electrodes, formed adjacent to the 
first ana M\ond open ends on the dielectric sub- 
strate tor c y^^cv »r>q a grojnd. each of the ground elec- 
trodes co^»v* ' c^paotrvely to the first and the sec- 
ond halve* j.a tor electrode at the first and at 
the secun-j c-»»aa respectively. 
[0012] Tr»c f t-j- i!«on< iect rode of the antenna element 
accordirgtc r*\»s. i^vc nton ts preferably in a meandering 
form Sncc r»e ^.«ndcnng 'orm allows the radiation 
electrode to be counted on «i small surface of the die- 
lectric subct' « e even if the radiation electrode is long, 
the size of antenna clement can be reduced. 
[0013] The c»ectr*: conductor forming the radiation 
electrode may hr discontinuous between the first con- 
nection tormirni and the second connection terminal 
and divided m o tr»c first and the second halves. Alter- 
natively, the ciectric conductor forming the radiation 
electrode may bo continuous from the first half to the 
second hall and have one of the first and the second 
connection terminals around the center of the radiation 
electrode 

[001 4] Each of :he first and the second halves may be 
a quarter-wave antenna. Here, the "quarter-wave an- 
tenna" refers to a radiation electrode that has an elec- 
trical equivalent length of a quarter of a wavelength for 
a used frequency to produce resonance. 
[0015] In the antenna element according to this inven- 
tion, the elcctr c conductor width of each of the first and 
the second halves of the radiation electrode may be nar- 
rowing from the center toward each of the open ends 
and the distance between the electric conductors of 
each of the first and :nc second halves may be increas- 
ing from the center toward each of the open ends. 
[001 6] According to th is invention , on a surface of the 
dielectric substraic on which the radiation electrode is 
formed, another dielectric substrate may be provided to 
bury the radiation electrode in the dielectric. The length 
of the dipolc radiation electrode, which is needed to pro- 
duce resonance at the wavelength related with the fre- 
quency of the radiation used by the mobile telecommu- 
nication device, depends on an effective dielectric con- 
stant ereff of the substrate having the radiation electrode 
thereon. Specifically the length is represented by X/ 
4x1 A/ereff for the quarter-wave antenna, indicating that 



the length is in inverse proportion to Vereff. Preferred 
materials for the dielectric substrate are glass fabric 
based epoxy resin and alumina ceramics having an ef- 
fective dielectric constant of about 4 and about 8 to 1 0, 
5 respectively. The higherthe effective dielectric constant 
of the substrate, the shorter the radiation electrode can 
be made, and burying the radiation electrode in the di- 
electric can assure the advantage of using the dielectric. 
[0017] While in the above description, the radiation 
10 electrode made of a conductor is formed mainly on one 
surface of the dielectric substrate, the whole radiation 
electrode made of a conductor may be formed on that 
one surface of the dielectric substrate. Alternatively, in 
the antenna element of this invention, most part of the 
radiation electrode may be formed on one side of the 
substrate, and the remainder of the radiation electrode 
may be formed on a side adjacent to that side. 
[0018] A telecommunication device according to this 
invention comprises a printed wiring board and an an- 
tenna element mounted on the printed wiring board. The 
printed wiring board has a ground area of the board with 
a ground conductor, a ground-free area of the board 
without a ground conductor and a high frequency signal 
lead. The antenna element comprises a dielectric sub- 
strate, and a radiation electrode of an electric conductor 
formed mainly on a surface of the dielectric substrate. 
The dielectric substrate is a dielectric chip, preferably a 
hexahedron of dielectric material. The antenna element 
has a power supply conductor and a ground conductor, 
which are connected to the radiation electrode, on the 
dielectric substrate, preferably on a surface other than 
the surface of the dielectric substrate on which the radi- 
ation electrode is formed. The antenna element is 
mounted on the ground-free area of the board so that a 
dielectric substrate surface otherthan the dielectric sub- 
strate surface on which the radiation electrode is formed 
faces on the ground-free area. 

[0019] The radiation electrode having a first and a 
second halves, the first and the second halves being 
substantially symmetric in form to one another with re- 
spect to the center of the radiation electrode and being 
to radiate with the same direction of main polarization 
of radiation emitted from the radiation electrode. The 
first half has a first open end at its outer end and a first 
connection terminal adjacent to the center. The second 
half has a second open end at its outer end and a second 
connection terminal adjacent to the center, the second 
connection terminal being at a distance from the first 
connection terminal on the radiation electrode. A power 
supply conductor is formed on the dielectric substrate 
and connected to the first connection terminal at one 
end of the power supply conductor and has at the other 
end a terminal connected to the high frequency signal 
lead on the printed wiring board. A ground conductor is 
formed on the dielectric substrate and connected to the 
second connection terminal at one end of the ground 
conductor and has at the other end a terminal connected 
to the ground conductor on the printed wiring board. 
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[0020] A portion of the first half between the first open 
end and the first connection terminal is asymmetric in 
form to a portion of the second half between the second 
open end and the second connection terminal. Alterna- 
tively, the power supply conductor is asymmetric in form 
to the ground conductor on the dielectric substrate. 
Thereby, the total impedance of the power supply con- 
ductor and the portion of the first half between the first 
open end of the first half and the terminal, at the other 
end of the power supply conductor, connected to the 
high frequency signal lead and the impedance of the 
high frequency signal source substantially match, in to- 
tal impedance, the ground conductor and the portion of 
the second half between the second open end of the 
second half and the terminal, at the other end of the 
ground conductor, connected to the ground conductor 
on the printed wiring board. 

[0021] The printed wiring board of the telecommuni- 
cation device according to this invention preferably has 
the ground-free area of the board between the ground 
area of the board and a side edge of the board, and the 
antenna element is preferably mounted on the ground- 
free area of the board so that the dielectric substrate 
surface having the radiation electrode is adjacent to the 
side edge of the board and a dielectric substrate surface 
ot nor than the dielectric substrate surface having the ra- 
dial icn electrode faces the ground-free area of the 
br.^rd 

(0022] In the telecommunication device according to 
th s invention, since the radiation electrode of the anten- 
na element is spaced apart from the ground conductor 
or the printed wiring board, the effect of the grounding 
c*n be eliminated. 

[0023] The antenna element of the telecommunica- 
tion ccvicc according to this invention preferably further 
ccmpnses ground electrodes, formed adjacent to the 
first and the second open ends on the dielectric sub- 
strate connectedto the ground conductor on the printed 
wiring board, each of the ground electrodes connecting 
capacitrvely to the first and the second halves at the first 
and the second open ends, respectively. The radiation 
electrode is preferably in a meandering form. 
[0024] The electric conductor forming the radiation 
electrode may be discontinuous between the first con- 
nection terminal and the second connection terminal 
and divided into the first and the second halves. Alter- 
natively the electric conductor forming the radiation 
electrode may be continuous from the first half to the 
second half and have one of the first and the second 
connection terminals around the center of the radiation 
electrode. Each of the first and the second halves may 
be a quarter-wave antenna. 

[0025] In the telecommunication device according to 
this invention, the electric conductor width of each of the 
first and the second halves of the radiation electrode 
may be narrowing from the center toward each of the 
open ends and the distance between the electric con- 
ductors of each of the first and the second halves may 



be increasing from the center toward each of the open 
ends: 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0026] 

FIG. 1 A is a perspective view of an antenna element 
according to EXAMPLE 1 of the present invention 

10 viewed from a front side; 

FIG. 1B is a perspective view of the antenna ele- 
ment viewed from a rear side; 
FIG. 1 C is a perspective bottom view of the antenna 
element viewed from a rear side; 

15 FIG. 1D is a perspective bottom view of the antenna 
element according to modified EXAMPLE 1 viewed 
from a rear side; 

FIG. 2A shows an equivalent circuit of the antenna 
element according to EXAMPLE 1 of the present 
20 invention; 

FIG. 2B shows an equivalent circuit of the antenna 
element according to modified EXAMPLE 1 of the 
present invention; 

FIG. 3A is a perspective view of the antenna ele- 

2s ment according to EXAMPLE 2 of the present in- 
vention viewed from the front side; 
FIG. 3B is a perspective view of the antenna ele- 
ment viewed from the rear side; 
FIG. 3C is a perspective bottom view of the antenna 

30 element viewed from the rear side; 

FIG. 4 is a perspective view of the antenna element 
according to EXAMPLE 3 of the present invention; 
FIG. 5 shows an equivalent circuit of the antenna 
element according to EXAMPLE 3; 

35 FIG. 6 is a perspective view of the antenna element 
according to EXAMPLE 4 of the present invention; 
FIG. 7 is a perspective view of the antenna element 
according to EXAMPLE 5 of the present invention; 
FIG. 8 is a perspective view of the antenna element 

40 according to EXAMPLE 6 of the present invention; 
FIG. 9A is a perspective view of a telecommunica- 
tion device according to EXAMPLE 7 of the present 
invention having the antenna element of this inven- 
tion mounted on a printed wiring board; 

45 FIG. 9B is an enlarged perspective view of the tel- 
ecommunication device, showing an area of the 
printed wiring board on which the antenna element 
is to be mounted; 

FIG. 9C is a perspective view of the antenna ele- 

50 ment viewed from the front side; 

FIG. 9D is a perspective bottom view of the antenna 
element in FIG. 9C viewed from the rear side; 
FIG. 9E is an enlarged view of the telecommunica- 
tion device, showing a modification of the area 

55 shown in FIG. 9B; 

FIG. 10 is a perspective view of the telecommuni- 
cation device according to EXAMPLE 8 of the 
present invention having the antenna element of 
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this invention mounted on the printed wiring board; 
FIG. 11 is an exploded perspective view of the tel- 
ecommunication device according to EXAMPLE 9 
of the present invention, having the antenna ele- 
ment of this invention mounted on the area of the 
printed wiring board on which the antenna element 
is to be mounted; 

FIG. 1 2A is a perspective view of the telecommuni- 
cation device according to EXAMPLE 10 of the 
present invention having the antenna element of 
this invention mounted on the printed wiring board; 
FIG. 1 2B is a perspective bottom view of the anten- 
na element in FIG. 12A viewed from the rear side; 
FIG. 1 3A is a perspective view of the telecommuni- 
cation device according to EXAMPLE 11 of the 
present invention having the antenna element of 
this invention mounted on the printed wiring board; 
FIG. 1 3B is an enlarged perspective view of essen- 
tial parts of the telecommunication device; 
FIG. 14 is an exploded perspective view of the tel- 
ecommunication device shown in FIG. 13; 
FIG. 15 is a perspective view of a modification of 
the antenna element according to the present in- 
vention; 

FIG. 1 6A is a plan view of another modification of 
the antenna element according to the present in- 
vention; 

FIG. 1 6B is a plan view of another modification of 
the antenna element according to the present in- 
vention; 

FIG. 16C is a plan view of another modification of 
the antenna element according to the present in- 
vention; 

FIG. 17 is a perspective view of a modification of 
the telecommunication device having the antenna 
element mounted thereon according to the present 
invention; 

FIG. 1 8 is a developed view of a conductor portion 
of the antenna element used in EXPERIMENT 1 ; 
FIG. 19 is a graph showing a relationship between 
a reflection loss (dB) and a frequency (GHz) of the 
antenna element used in EXPERIMENT 1; 
FIG. 20 is a graph showing a relationship between 
a voltage standing wave ratio (VSWR) and a fre- 
quency (GHz) of the antenna element used in EX- 
PERIMENT 1; 

FIG. 21 is a developed view of the conductor portion 
of the antenna element used in EXPERIMENT 2; 
and 

FIG. 22 is a graph showing a relationship between 
a voltage standing wave ratio and a frequency 
(GHz) of the antenna element used in EXPERI- 
MENT 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] FIG. 1A is a perspective view of an antenna 



element 1 according to EXAMPLE 1 of the present in- 
vention. In this drawing, a radiation electrode 20 is pro- 
vided on a top surface 1 1 of a dielectric hexahedron sub- 
strate 1 0, and a first half 30 (left half) and a second half 

5 40 (right half) of the radiation electrode are provided to 
be substantially symmetric to one another with respect 
to a center line 12 indicated by a two-dot chain line. Each 
of the first half 30 and the second half 40 is a quarter- 
wave antenna. The radiation electrode 20 is shown as 

io a segment in this drawing, which is preferably printed to 
be continuous. 

[0028] Since two halves 30, 40 of the radiation elec- 
trode are provided on the surface 1 1 in a symmetric form 
with respect to the center line 12, they have the same 

^5 direction of main polarization of radiation emitted there- 
from. The first half 30 on the left side has a first connec- 
tion terminal 31 , connected to a power supply conductor 
50, at one end thereof adjacent to the second half 40 on 
the right side, and the power supply conductor 50 is pro- 

20 vided on a front surface 1 3 of the substrate 1 0. The pow- 
er supply conductor 50 is connected to the first connec- 
tion terminal 31 at one end thereof and has at the other 
end a terminal 51 for connecting to a high frequency sig- 
nal source 70. The second half 40 on the right side has, 

25 at one end thereof adjacent to the first half 30 on the left 
side, a second connection terminal 41 connected to a 
ground conductor 60, which is also provided on the front 
surface 13. The ground conductor 60 has at the other 
end thereof a terminal 61 for connecting to a ground 75. 

30 Outer ends of the first and second halves of the radiation 
electrode constitute a first open end 32 and a second 
open end 42, respectively. These open ends 32, 42 are 
capacitively connected to the ground. 
[0029] For better understanding of the structure of the 

35 antenna element 1 , FIG. 1 B is a perspective view of the 
antenna element viewed from the opposite side, that is, 
with a rear side 14 thereof facing frontward, and FIG. 
1C is a perspective bottom view of the antenna element 
1 with a bottom surface 15 thereof facing upward and 

40 the rear side 14 facing frontward. As can be seen from 
FIGS. 1A through 1C, the antenna element 1 has the 
radiation electrode 20 only on the top surface 1 1 and the 
first and second connection terminals 31, 41 provided 
adjacent to one another. There is no conductor on the 

45 bottom surface 1 5 and the rear surface 14. Through the 
bottom surface 1 5 or rear surface 1 4, which has no con- 
ductor thereon, the antenna element can be mounted 
on an area, having no ground conductor, of a printed 
wiring board of a telecommunication device. Typically, 

so a ground conductor is provided on a printed wiring 
board, and an area without the ground conductor is pro- 
vided on the printed wiring board and the antenna ele- 
ment 1 is mounted on the area without the ground con- 
ductor. The area without the ground conductor may 

55 comprise a power supply lead or high frequency signal 
lead for connecting to the power supply conductor 50, 
ground lead for connecting to the ground conductor 60, 
ground electrodes for capacitively connecting to the first 
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and second open ends 32, 42, leads for connecting the 
ground electrodes to the ground conductor of the printed 
wiring board or the like as required. 
[0030] While the radiation electrode shown is in a me- 
andering form, it may be in a helical form or linear form. 
The meandering form of the radiation electrode allows 
substantially the whole radiation electrode to be provid- 
ed on one surface of the hexahedron substrate 10, as 
well as a long radiation electrode to be provided on a 
small substrate. 

[0031] In the construction of the antenna element 1 
described above, the power supply conductor 50 and 
the ground conductor 60 are provided adjacent to one 
another, so that a capacitance between the power sup- 
ply conductor 50 and the ground conductor 60 is large. 
Furthermore, the first and second open ends 32, 42 are 
spaced apart from one another, so that the interaction 
therebetween is small, and therefore, the antenna ele- 
ment 1 can be represented by an equivalent circuit 
shown in FIG. 2A. 

[0032] In FIG. 2A, reference symbols L30, L40 denote 
an inductance of the first and second halves 30, 40 of 
the radiation electrode 20, respectively, reference sym- 
bols L50, L60 denote an inductance of the power supply 
conductor 50 and the ground conductor60, respectively, 
and reference symbols C30-40, C50-60 denote a ca- 
pacitance between the halves of the radiation electrode 
and a capacitance between the power supply conductor 
and the ground conductor, respectively. Furthermore, 
reference symbols R30, R40 denote a radiation resist- 
ance of the halves 30, 40, respectively, and reference 
symbols C32, C42 denote a ground capacitance be- 
tween the first open end and the ground and between 
the second open end and the ground, respectively. 
Since the halves of the radiation electrode are provided 
symmetrically, impedance match can be accomplished 
therebetween. In addition, since the power supply con- 
ductor 50 and the ground conductor 60 are provided ad- 
jacent to one another on the same surface of the sub- 
strate, the capacities C30-40 and C50-60 are large. By 
adjusting the positional relationship therebetween, the 
halves of the radiation electrode can be sufficiently 
matched to one another. 

[0033] Since matching can be easily achieved, when 
one of the halves of the radiation electrode emits radia- 
tion, resonance is enhanced in both the halves, so that 
an induced current occurs in the other half of the radia- 
tion electrode. Therefore, a circuit on the printed wiring 
board is less affected, and a change in a resonance fre- 
quency or directional pattern can be reduced. 
[0034] In FIG. 2A, reference symbol RO denotes an 
impedance of the antenna element 1 from the high fre- 
quency signal source 70 to the feeding point (terminal 
51 of the power supply conductor 50) including the in- 
ternal impedance of the high frequency signal source 
70, and the total input impedancef rom the high frequen- 
cy signal source 70 to the antenna element is typically 
set at about 50 ohms. In order to provide the ground 



conductor 60 with an impedance substantially equiva- 
lent to the impedance, the ground conductor 60 is ex- 
tended as shown in the perspective bottom view in FIG. 
1D, the extension constituting an impedance adjust- 
5 ment conductor 62. Thus, an equivalent circuit having 
the impedance. Z62 on the side of the ground conductor 
as shown in FIG. 2B is provided. In this EXAMPLE, the 
first half 30 and the second half 40 of the radiation elec- 
trode are substantially symmetric in form to one another, 
10 the power supply conductor 50 and the ground conduc- 
tor 60 are asymmetric in form to one another, and the 
impedance of the radiation electrode on the side of the 
ground conductor can be matched to the impedance 
thereof on the side of the power supply conductor, that 
'5 is, the high frequency signal source 70, so that reso- 
nance in a wide bandwidth can be realized. 
[0035] FIG. 3 shows an antenna element 2 of EXAM- 
PLE 2. In FIG. 3, the same components as in FIG. 1 are 
denoted by the same reference symbols. FIG. 3A is a 
20 perspective view, in which a first half 30a and a second 
half 40a of a radiation electrode 20a are provided in a 
form rotationally symmetric about a point 1 2a over the 
top surface 11 and the rear surface 14 of the dielectric 
hexahedron substrate 1 0. While the radiation electrode 
25 20a is provided on the adjacent two surfaces 11 , 14, it 
is mainly provided on the top surface 1 1 , and in the state 
where the two surfaces are developed, the first half and 
the second half are rotationally symmetric to one anoth- 
er about the point 1 2a. The first half 30a and the second 
30 half 40a of the radiation electrode are both quarter-wave 
antennas. FIG. 3B is a perspective view in which the top 
surface 11 faces upward and the rear surface 14 faces 
frontward, and FIG. 3C is a perspective bottom view in 
which the bottom surface 15 of the antenna element 2 
35 faces upward and the rear surface 14 faces frontward. 
The first half 30a of the radiation electrode on the left 
side in FIG. 3A has a first connection terminal 31 a, con- 
nected to the power supply conductor 50, at one end 
thereof adjacent to the second half 40a on the right side, 
40 and the power supply conductor 50 is provided on the 
front surface 13 of the substrate 10. The second half 
40a on the right side has, at one end thereof adjacent 
to the first half 30a on the left side, a second connection 
terminal 41 a connected to a ground conductor 60a. The 
45 ground conductor 60a is provided on the bottom surface 
15 of the substrate 1 0 and has at the other end thereof 
a terminal 61a for connecting to the ground. 
[0036] The other ends of the first half 30a and the sec- 
ond half 40a of the radiation electrode constitute open 
50 ends 32a and 42a, respectively. Although the power 
supply conductor 50 and the ground conductor 60a are 
provided on different surfaces, that is, on the front sur- 
face 13 and on the bottom surface 15, respectively, 
since the portions of the first and second halves 30a and 
55 40a of the radiation electrode which are adjacent to the 
center of symmetry are provided adjacent to one anoth- 
er, and the power supply conductor 50 and the ground 
conductor 60a are located relatively nearto one another, 
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the capacitance between the halves of the radiation 
electrode is large, and resonance is easy to produce. In 
the example shown in this drawing, the first half 30a and 
the second half 40a of the radiation electrode are sub- 
stantially symmetric in form to one another, the ground 
conductor 60a is longerthan and is asymmetrical in form 
to the power supply conductor 50. This brings about a 
state where the impedance adjustment conductor is 
added to the side of the ground conductor 60a. Thus, it 
will be understood that the equivalent circuit shown in 
FIG. 2B is provided also in this EXAMPLE. In addition, 
impedance match between the half of the radiation elec- 
trode on the side of the high frequency signal source 
and the half of the radiation electrode on the side of the 
ground conductor is easy to achieve. 
[0037] The first half 30a and the second half 40a of 
the radiation electrode are in a meandering form, and 
each of the conductors is wider in the portion near the 
center than the portion near the open end. In the case 
of the quarter-wave antenna, the amplitude of current is 
large at the power supply side end and small at the open 
end, so that the conductor loss can be reduced by wid- 
ening the conductor at the portion where the amplitude 
of current is large. 

[0038] FIG. 4 is a perspective view of an antenna el- 
ement 3 of EXAMPLE 3. In this drawing, a meandering 
radiation electrode 20b is provided symmetrically with 
rospect to a center line 12b, indicated by a two-dot chain 
lino on a rear surface 14b of a dielectric hexahedron 
substrate 1 0b. Here, a first half 30b on the left side and 
a second half 40b on the right side of the radiation elec- 
trode 20b are symmetric in form to one another with re- 
specl to the center (intersection of the center line 12b 
ard tne radiation electrode 20b) 41 b. Each of the halves 
30b and 40b of the radiation electrode 20b constitute a 
quarter enna. 

[0039] Since the radiation electrode 20b is provided 
symmetrically with respect to the center 41 b thereof to 
extend in the longitudinal direction of the substrate 1 0b, 
the halves have the same direction of main polarization 
of radiation emitted therefrom. A ground conductor 60b, 
which is grounded, extends from a front surface 13b and 
across a bottom surface 15b to be connected to the 
center 41b of the radiation electrode 20b, so that the 
center 41b constitutes a second connection terminal of 
the ground conductor 60b. A power supply conductor 
50b connected to the high frequency signal source 70 
also extends from the front surface 1 3b and across the 
bottom surface 1 5b to be connected to a first connection 
terminal 31b spaced apart from the center 41b of the 
radiation electrode 20b by a predetermined distance. In 
addition, the outer ends of the radiation electrode 20b 
constitute a first open end 32b and a second open end 
42b. The first and second open ends 32b, 42b are ca- 
pacitively connected to ground electrodes 34b, 44b, re- 
spectively, that are provided at both ends of the bottom 
surface 1 5b of the substrate 1 0b. The impedance of the 
portion of the radiation electrode between the second 



connection terminal 41 b for connecting the ground con- 
ductor 60b to the radiation electrode and the first con- 
nection terminal 31b and the impedance of the portion 
of the radiation electrode between the open end 32b of 

5 the radiation electrode and the first connection terminal 
31b can be adjusted by varying the position of the first 
connection terminal 31b for connecting the power sup- 
ply conductor 50b to the first half 30b of the radiation 
electrode 20b. The impedance can also be adjusted by 

10 varying the length of the power supply conductor 50b. 
In addition, the capacitance between the Dower suddIv 
conductor 50b and the ground conductor 60b can be ad- 
justed by varying the patterns thereof. Through the ad- 
justment of these impedances, the impedance between 

is the radiation electrode and the high frequency signal 
source can be arbitrarily adjusted, so that impedance 
match can be easily achieved. That is, as is apparent 
from the drawing in this EXAMPLE, the first half 30b of 
the radiation electrode between the first open end 32b 

20 and thefirst connection terminal 31 b and the second half 
40b of the radiation electrode between the second open 
end 42b and the second connection terminal 41b are 
asymmetric to one another in form. While the power sup- 
ply conductor 50b and the ground conductor 60b are 

25 substantially symmetric in form to one another, they may 
be asymmetric in form to one another to achieve imped- 
ance match. 

[0040] As can be seen from FIG. 4, in the antenna el- 
ement 3, the radiation electrode 20b is provided only on 

30 the rear surface 1 4b of the substrate 1 0b, and the power 
supply conductor 50b and the ground conductor 60b are 
provided adjacent to one another on the bottom surface 
15b. By mounting the antenna element via the bottom 
surface 15b on the area without a ground conductor of 

35 the printed wiring board of the telecommunication de- 
vice, the power supply conductor 50b and the ground 
conductor 60b can be connected to the ground lead or 
power supply lead mounted on the printed wiring board. 
While a ground conductor is typically provided on the 

40 printed wiring board of the telecommunication device, 
an area having no ground conductor mounted thereon 
or having any ground conductor removed therefrom 
may be provided in a region adjacent to an end of the 
printed wiring board to create an antenna mounting port, 

45 and the antenna element 3 may be mounted on the re- 
gion. 

[0041 ] While the radiation electrode shown is in a me- 
andering form, it may be in a helical form or linear form. 
The meandering or helical form of the radiation elec- 

so trode allows the size of the substrate 1 0b to be reduced. 
[0042] In the construction of the antenna element 3 
described above, the power supply conductor 50b and 
the ground conductor 60b are provided adjacent to one 
another, so that a capacitance between the power sup- 

55 ply conductor 50b and the ground conductor 60b is 
large. Furthermore, the open ends 32b, 42b of the radi- 
ation electrode are spaced apart from one another, so 
that the interaction therebetween is small, and there- 
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fore, the antenna element 3 can be represented by an 
equivalent circuit shown in FIG. 5. 
[0043] In FIG. 5, reference symbols L11, L1 2 denote 
an inductance of the left half of the radiation electrode 
20b, reference symbols L13, L1 4 denote an inductance 
of the right half of the radiation electrode 20b, reference 
symbols L50b, L60b denote an inductance of the power 
supply conductor 50b and the ground conductor 60b, 
respectively, and reference symbol C50b-60b denotes 
a capacitance between the power supply conductor and 
the ground conductor. Furthermore, reference symbols 
R30b, R40b denote a radiation resistance of the radia- 
tion electrode. And, reference symbol R0 denotes an in- 
put impedance including the internal impedance of the 
high frequency signal source 70, and reference symbols 
C32b, C42b denote capacitive couplings between the 
open ends of the radiation electrode and the respective 
ground electrode. Since the radiation electrode has a 
form substantially symmetrical with respect to the center 
41b at which the ground conductor 60b is connected to 
the radiation electrode 20b, as for an equivalent induct- 
ance of the radiation electrode, the sum of the induct- 
ances of L11 and L12 equals to the sum of the induct- 
ances of L13 and L14. The inductances L11 and L12 
can be varied by adjusting the position of the first con- 
nection terminal 31b for connecting the power supply 
conductor 50b to the radiation electrode 20b. The in- 
ductances L50b and L60b can be adjusted by varying 
the patterns of the power supply conductor 50b and the 
ground conductor 60b, respectively. The capacitance 
C50b-60b can be adjusted by varying the distance be- 
tween the power supply conductor 50b and the ground 
conductor 60b. In this way, impedance match can be 
achieved between the half of the radiation electrode on 
the side of the high frequency signal source 70 and the 
half of the radiation electrode on the side of the ground 
conductor, so that a change in the resonance frequency 
or directional pattern can be reduced. 
[0044] FIG. 6 is a perspective view of an antenna el- 
ement 4 of EXAMPLE 4. The same components as in 
FIG. 4 are denoted by the same reference symbols. In 
this EXAMPLE, the substrate 10b, radiation electrode 
20b, ground conductor 60b, and ground electrodes 34b, 
44b have the same configuration as those shown in FIG. 
4. A power supply conductor 50c extends from the front 
surface 1 3b of the substrate 1 0b and across the top sur- 
face 1 1 b, has a first connection terminal 31c distant from 
the center 41 b of the radiation electrode, and is connect- 
ed to the radiation electrode 20b at the terminal. 
[0045] Open ends 32c, 42c of the radiation electrode 
20b of the antenna element are provided on the bottom 
surface 15b by extending the radiation electrode from 
the rear surface 14b along the surface of the substrate. 
Since the distances between the open ends 32c, 42c of 
the radiation electrode and the ground electrodes 34b, 
44b, respectively, can be made smaller than those in 
EXAMPLE 3 shown in FIG. 4, the capacitive couplings 
therebetween can be enhanced. Consequently, the res- 



onance frequency is lowered, and the radiation elec- 
trode can be shortened, so that the antenna element can 
be miniaturized further. 

[0046] In EXAMPLE 3 in FIG. 4 and EXAMPLE 4 in 

5 FIG. 6, the ground electrodes 34b, 44b are provided 
from the front surface 1 3b to the bottom surface 1 5b on 
the substrate 1 0b. Since the ground electrodes 34b, 44b 
are mounted on the substrate 1 0b in such a manner, the 
distance between the ground electrode and the open 

10 end of the radiation electrode is determined on the an- 
tenna element, so that the capacitance is kept constant 
regardless of the mount condition of the antenna ele- 
ment on the printed wiring board, and a stable charac- 
teristic can be realized. 

15 [0047] Instead of providing the ground electrodes on 
the substrate, the ground electrodes may be provided 
on the printed wiring board on which the antenna ele- 
ment is mounted. On the printed wiring board on which 
the antenna element is mounted, similar ground elec- 

20 trodes are provided at positions facing the ground elec- 
trodes otherwise provided on the substrate, thereby ca- 
pacitive couplings with the open ends of the radiation 
electrode can be accomplished. However, the value of 
the capacitance varies depending on the mount condi- 

25 tion of the antenna element on the printed wiring board, 
so that the mount condition needs to be always the 
same. 

[0048] FIG. 7 is a perspective view of an antenna el- 
ement 5 of EXAMPLE 5. In this drawing, the same com- 

30 ponents or parts as in FIG. 4 are denoted by the same 
reference symbols. In this embodiment, the substrate 
10b, power supply conductor 50b, ground conductor 
60b, and ground electrodes 34b, 44b have the same 
configuration as those shown in FIG. 4. 

35 [0049] The antenna element 5 is similar to the anten- 
na element 3 in that a radiation electrode 20d is provided 
on the rearsurface 14b of the substrate 10b and extends 
symmetrically with respect to the center 41b in the lon- 
gitudinal direction of the substrate. And, the length of 

40 each of the halves of the radiation electrode extending 
from the center 41 b to the open ends 32d, 42d also is a 
quarter of the wavelength. However, the radiation elec- 
trode 20d becomes narrower from the center toward the 
outer open ends, and the distance between the vertical 

45 conductors of the radiation electrode becomes wider 
from he center toward the outer open ends. 
[0050] A high frequency current appearing in the ra- 
diation electrode in a resonant state of the antenna has 
amaximum value atthe center of the radiation electrode 

50 and a minimum value at the both ends. Therefore, by 
configuring the conductor of the radiation electrode so 
as to become narrower from the center toward the tips 
thereof, the radiation electrode can be miniaturized with- 
out causing a loss. Furthermore, a high frequency volt- 

55 age appearing in the radiation electrode in a resonant 
state of the antenna has a minimum value at the center 
of the radiation electrode and a maximum value at the 
both ends. Therefore, by widening the distance between 
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the conductors of the radiation electrode from the center 
toward the tips thereof, concentration of the electric field 
among the conductors can be alleviated. In addition, the 
tips of the radiation electrode emitting radiation can be 
less affected by the other portions of the radiation elec- 
trode. Thus, the radiation efficiency can be enhanced. 
[0051] FIG. 8 is a perspective view of an antenna el- 
ement 6 of EXAMPLE 6. In this drawing, the same com- 
ponents or parts as in FIG. 4 are denoted by the same 
reference symbols. In this EXAMPLE, the substrate 
10b, power supply conductor 50b, and ground conduc- 
tor 60b have the same configuration as those shown in 
FIG. 4. 

[0052] Each of halves of a radiation electrode 20e, 
which extend from the center to the outer open ends, 
has a length of A/4. Vertical conductors 28e of the radi- 
ation electrode 20e are provided on the rear surface 1 4b 
of the substrate 1 0b, and horizontal conductors 29e and 
29e' interconnecting the vertical conductors 28e are 
provided on the top surface 1 1 b and the bottom surface 
1 5b of the substrate 1 0b, respectively. Compared with 
EXAMPLE 3 shown in FIG. 4, if the substrate 10b used 
has the same size, the radiation electrode in this em- 
bodiment can be longerthan that in EXAMPLE 3. There- 
fore, the antenna element 6 can deal with a lower fre- 
quency. 

[0053] When the antenna element 6 is mounted on 
the printed wiring board, part of the radiation electrode 
20e may approach the ground surface of the printed wir- 
ing board, and thus an induced current produced in the 
substrate ground surface may be increased, thereby re- 
ducing efficiency. Therefore, the radiation electrode 
needs to be prevented from approaching the ground 
surface of the substrate. 

[0054] FIG. 9 is a perspective view of EXAMPLE 7. 
FIG. 9A shows a printed wiring board 80 and an antenna 
element 2a mounted thereon. Also in FIG. 9, the same 
components as in FIGS. 1 through 8 are denoted by the 
same reference symbols. The printed wiring board 80 
includes an area having a ground conductor 82 and an 
area 83 in which a base material of the substrate is ex- 
posed and no ground conductor is provided, and the ar- 
ea 83 on which the antenna element is to be mounted 
is adjacent to an end 81 of the substrate 80. As shown 
in the enlarged view of FIG. 9B, a power supply lead 71 , 
a ground lead 84, and floating electrodes for fixing 85, 
85' are mounted on the area 83. The power supply lead 
71 is supplied with power via a printed wire on the rear 
surface of the printed wiring board and the ground lead 
84 is connected to a substrate ground conductor 82. The 
antenna element 2a is substantially the same as the an- 
tenna element 2 in EXAMPLE 2, and the first half 30a 
on the left side of the radiation electrode 20a and the 
second half 40a on the right side thereof are both quar- 
ter-wave antennas. However, the antenna element 2a 
differs from the antenna element 2 in that as shown in 
FIGS. 9A, 9C and 9D, additional electrodes 39 and 49 
are provided from the bottom surface 1 5 to the front sur- 



face 1 3 at both the ends of the substrate 1 0 for soldering 
to the floating electrodes 85, 85' on the printed wiring 
board 80. Here, FIG. 9C is a perspective view of the an- 
tenna element 2a, and FIG. 9D is a perspective bottom 
view thereof. A terminal 61a, which is constituted by a 
portion of the ground conductor 60a folded overthefront 
surface 1 3, and the power supply conductor 50 are sol- 
dered to the ground lead 84 and the power supply lead 
71 mounted on the printed wiring board, respectively, 
and the additional electrodes 39, 49 are soldered to the 
floating electrodes 85, 85', respectivelv. so that the an- 
tenna element 2a is firmly attached to the printed wiring 
board 80. Even if the antenna element is used in a tel- 
ecommunication device such as a mobile telecommuni- 
cation device, the antenna element can be prevented 
from being loosened or falling off during handling there- 
of. 

[0055] Furthermore, FIG. 9E shows a modification of 
the area 83 in the printed wiring board having no ground 
conductor shown in the enlarged view of FIG. 9B. In FIG. 
9E, the ground lead 84' is longer than the ground lead 
84 in FIG. 9B so that it reaches the rear surface 14 of 
the antenna element 2a. Since a tip of the ground lead 
84' can be soldered to the second half 40a of the radi- 
ation electrode at the rear surface, the substrate 10 of 
the antenna element 2a can be fixed to the board 80 at 
the front surface 1 3 and the rear surface 1 4 thereof, so 
that vibration resistance is enhanced. Furthermore, the 
longer ground lead 84' serves as an impedance adjust- 
ment conductor, thereby providing an excellent match- 
ing with the poser supply side. 

[0056] As is apparent from FIG. 9A, the antenna ele- 
ment 2a is mounted on the area 83 of the printed wiring 
board 80 having no ground conductor through the sur- 
face of the substrate having no radiation electrode, that 
is, the bottom surface 15 thereof with the rear surface 
1 4 of the substrate having the radiation electrode locat- 
ed at the end81 of the board 80, and the top surface 11 
and the rear surface 14 having the radiation electrode 
are distant from the ground conductor 82 and the circuit 
conductor on the printed wiring board. By making the 
radiation electrode distant from the ground conductor 
and the circuit conductor in such a manner, the effect of 
grounding is reduced, and the radiation efficiency is in- 
creased. 

[0057] FIG. 1 0 is a perspective view of a printed wiring 
board 80a on which the antenna element 2a is mounted 
according to EXAMPLE 8. In this example, the antenna 
element is mounted so that the radiation electrode is 
parallel to the longitudinal direction of the printed wiring 
board 80a. Except that, the telecommunication device 
shown in FIG. 10 is identical to that shown in FIG. 9. 
[0058] FIG. 11 is a perspective view of EXAMPLE 9, 
showing the printed wiring board 80b and the antenna 
element 2b before being mounted thereon. The antenna 
element 2b is essentially the same as the antenna ele- 
ment 2a, but the first open end 32a and the second open 
end 42a of the respective halves of the radiation elec- 
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trode are capacitively connected to the ground elec- 
trodes 34b and 44b provided on the side surfaces 16 
and 17 with intervals 33b and 43b therebetween, re- 
spectively. Since the open ends of the halves of the ra- 
diation electrode have a large capacitance, the radiation 
electrode can be shortened. In addition, on the area 83b 
of the printed wiring board 80b having no ground con- 
ductor, ground electrodes 85b, 85b' are provided in 
stead of the floating electrodes 85, 85" shown in FIG. 9, 
and the ground electrodes 34b, 44b of the antenna ele- 
ment 2b can be soldered to the ground electrodes 85b, 
85b* , respectively, so that the vibration resistance is fur- 
ther enhanced. 

[0059] FIG. 12 is a perspective view of EXAMPLE 10, 
in which FIG . 1 2A shows an antenna element 7 mounted 
on the printed wiring board 80, and FIG. 12B is a per- 
spective view of the antenna element 7 viewed from the 
rear side 14. Also in FIG. 12, the same components as 
in FIGS. 1 through 1 1 are denoted by the same refer- 
ence symbols. 

[0060] A radiation electrode 20f in this embodiment is 
provided only on the top surface 1 1 and the rear surface 
14 of the dielectric hexahedron substrate 10 in a mean- 
dering form. The antenna clement 7 is mounted on the 
area 83 of the printed wiring board 80 having no ground 
conductor through the bottom surface having no radia- 
tion electrode with the rear surface 14 of the substrate 
having the radiation electrode 20f located at the end 81 
of the board 80. Each of a first half 30f and a second 
half 40f of the radiation electrode 20f is a quarter-wave 
antenna. Since the radiation electrode is disposed on 
the top surface 11 and the rear surface 14 centering 
around a ridge 18 of the substrate 10 distant from the 
ground conductor 82 of the printed wiring board 80 (the 
ridge defined by the top surface 11 and the rear surface 
14), the portions of the folded conductors of the radiation 
electrode adjacent to the first connection terminal and 
the second connection terminal of the halves of the ra- 
diation electrode are distant from the ridge, and the 
nearer to the open ends of the radiation electrode, the 
closer to the ridge the radiation electrode gets. That is, 
the distance between the folded conductor of the radia- 
tion electrode and the ground conductor 82 of the print- 
ed wiring board is gradually increased from the power 
supply terminal and the ground terminal of the radiation 
electrode toward the open ends thereof. In this way, by 
making the antenna lip most significantly affected by the 
grounding distant from the ground, the radiation efficien- 
cy is enhanced. 

[0061] FIG. 1 3 is a perspective view of EXAMPLE 1 1 
of the present invention. FIG. 13A shows an antenna 
element 3 mounted on the exposed board area 83 of the 
printed wiring board 80. Each of the halves of the radi- 
ation electrode 20b of the antenna element 3 is a quar- 
ter-wave antenna. While the ground conductor 82 is 
mounted substantially on the whole of the printed wiring 
board 80, the area 83 having no ground conductor 82 
(exposed board area) is provided in the area adjacent 



to the end 81 of the printed wiring board 80, and the area 
constitutes an antenna mount area. 
[0062] FIG. 1 3B is an enlarged perspective view of the 
area of the printed wiring board on which the antenna 

5 element 3 is mounted, showing the mount condition of 
the antenna element 3. In addition, for more readily un- 
derstanding of the mount condition of the antenna ele- 
ment 3 onto the printed wiring board 80, FIG. 14 is a 
perspective view of the antenna element before being 

10 mounted on the printed wiring board. 

[0063] Since the ground conductor 82 of the printed 
wiring board 80 is in the form of a sheet, it can also be 
referred to as a ground conductor surface. If a laminated 
substrate is used as the printed wiring board, the ground 

15 conductor 82 may not be the outermost layer, but an in- 
ternal layer, such as a second or third layer, and an in- 
sulating layer may be disposed thereon. 
[0064] The ground lead 84 and electrodes 85c, 85c* 
extending from the ground conductor 82 toward the ex- 

20 posed board area 83 are provided, connected to the 
ground conductor 60b and the ground electrodes 34b, 
44b of the antenna element 3, respectively, and ground- 
ed. On a portion of the antenna mount area correspond- 
ing to the power supply conductor 50b of the antenna 

25 element 3, the power supply lead 71 for connecting to 
the power supply conductor 50 is provided so that the 
antenna element is connected to the high frequency sig- 
nal source (not shown in FIGS. 13Band 14) by the lead 
74 through a through-hole 73. In addition, floating elec- 

30 trodes 86, 86', 87, and 87' are provided on the exposed 
board area 83 so that the respective conductors on the 
bottom surface of the antenna element 3 can be sol- 
dered thereto. In this way, since the antenna element 3 
is soldered to the printed wiring board 80 at many por- 

35 tions, even if the antenna element is used in a telecom- 
munication device such as a mobile telecommunication 
device, the antenna element can be prevented from be- 
ing loosened or falling off during handling thereof. 
[0065] As is apparent from FIGS. 1 3 and 1 4, since the 

40 antenna element 3 is mounted in such a manner that 
the radiation electrode thereof is close to the end 81 of 
the printed wiring board 80, the radiation electrode is 
distant from the ground conductor 82 of the printed wir- 
ing board 80 and less affected by the induced current 

45 produced in the ground surface, so that a high radiation 
efficiency can be realized. 

[0066] FIGS. 15 through 17 shows modifications of 
the antenna element according to the present invention. 
The antenna element 8 shown in FIG. 15 is constructed 

50 by forming the radiation electrode 20 shown in FIG. 1 
on the dielectric hexahedron substrate 10 and laminat- 
ing a dielectric hexahedron substrate 10' thereon, in 
which the radiation electrode 20 is buried in the two di- 
electric substrates 10, 10'. Burying the radiation elec- 

55 trode in the dielectrics in such a manner allows the elec- 
trical length of the radiation electrode to be shortened, 
so that the antenna can be miniaturized. 
[0067] The antenna element 9 shown in FIG. 1 6 corn- 



11 

P 1 239533A2_I_> 



19 



EP 1 239 533 A2 



20 



prises an antenna element 9' and an antenna element 
9" overlaid one on another in a multi-layered board with 
the directions of main polarization thereof being perpen- 
dicular to one another, the antenna element 9' compris- 
ing a first half 30g and a second half 40g of a radiation 
electrode 20g symmetrically provided on a surface of a* 
dielectric hexahedron substrate 10g with the same di- 
rection of main polarization, and the antenna element 
9" comprising a first half 30g* and a second half 40g' of 
a radiation electrode 20g' symmetrically provided on a 
surface of a similar substrate 1 0a* with the same direc- 
tion of main polarization. Arrows shown in FIGS. 16A 
and 16B indicate the respective directions of main po- 
larization of the antenna element 9*, 9". FIG. 16C, which 
is a superimposing of these drawings, is a perspective 
view. Since the antenna element 9 has the directions of 
main polarization perpendicular to one another, It can 
efficiently receives both the vertical polarization and the 
horizontal polarization, so that communication can be 
accomplished efficiently regardless of the direction of 
the device used Here, the two antenna elements 9* and 
9" may be arranged side-by-side. 
[0068] FIG. 1 7 shows an antenna element (for exam- 
ple, the antenna element 8 shown in FIG. 15) integrated 
into a multi-layered ceramic substrate 90. The multi-lay- 
ered ceramic substrate 90 constitutes a module sub- 
strate and has a chip component 91 , such as a bypass 
capacitor, an RF-IC 92 and the like connected thereto, 
in which a balun and a filter can be made of a multi- 
layered conductor. Since the multi-layered ceramic sub- 
strate 90 and the antenna element 87 can be fabricated 
collectively, manufacturing cost can be reduced and the 
positional precision of the antenna is enhanced, so that 
the variation in frequency due to the variation in mount- 
ing can be reduced. 

EXPERIMENT 1 

[0069] The antenna element 2 shown in FIG. 3 was 
fabricated and the reflection loss and the voltage stand- 
ing wave ratio (VSWR) thereof was measured. Using a 
dielectric having a dielectric constant er of 40, and tan 5 
of 0.0002, a hexahedron substrate 10 of 3.0 mm wide, 
13.4 mm long, and 1.5 mm thick was prepared. The 
halves 30a, 40a of the meandering radiation electrode 
20a was provided on the top surface 11 and the rear 
surface 14 so that the respective halves has a length of 
a quarter of the radiation wavelength. Here again, ref- 
erence numerals 13 and 15 denotes the front surface 
and the bottom surface of the substrate 1 0, respectively. 
The widths of the respective conductors were, from the 
outer side toward the center, 0.40 mm, 0.45 mm, 0.50 
mm, 0.55 mm, 0.60 mm, 0.65 mm, and 0.70 mm, and 
the heights (vertical widths in the drawing) of the folded 
portions were, from the outer side toward the center, 
0.40 mm, 0.45 mm, 0.50 mm. 0.55 mm, 0.60 mm, and 
0.65 mm. The gap width between the conductors was 
0.4 mm, and the center interval between the halves of 



the radiation electrode was 0.9 mm. FIG. 18 is a devel- 
oped view of only conductors including the radiation 
electrode 20a of the antenna element, the ground con- 
ductor 82 of the printed wiring board 80, and conductors 
and leads for connecting them. In FIG. 18, the bottom 
surface 1 5, the rear surface 14, the top surface 11 , the 
front surface 13 of the dielectric substrate 10 of the an- 
tenna element, the printed wiring board 80, the area 83 
having no ground conductor, and the ground conductor 
82 are shown in this order from top to bottom. The an- 
tenna element 2 was mounted on the printed wirina 
board 80 in such a manner that it is 3 mm distant from 
the exposed ground conductor 82, the rear surface 14 
is located at the end 81 of the substrate, and the bottom 
surface 1 5 is mounted on the area of the board 80 hav- 
ing no ground conductor (This mount condition is the 
same as that shown in FIG. 9). The frequency charac- 
teristic was measured for cases where the meandering 
radiation electrode 20a is rotational ly symmetrical with 
respect to the point 12a, and where it is linearly sym- 
metrical with respect to a cutting plane passing through 
the point 12a. 

[0070] FIG . 1 9 shows a frequency characteristic of the 
reflection loss, and FIG. 20 shows a frequency charac- 
teristic of the voltage standing wave ratio (VSWR). As 
is apparent from the graphs, in the vicinity of the fre- 
quency of 2.44 GHz, the antenna element according to 
the present invention had a frequency bandwidth equal 
to or wider than 155 MHz, within which the reflection loss 
30 is equal to or less than -6 dB (VSRW is equal to or less 
than 3%), and in the case of a rotational ly-symmetrical 
quarter-wave radiation conductor, the bandwidth was 
further widened to become 368 MHz. In addition, the 
bandwidth within which the reflection loss is equal to or 
35 less than -9.54 dB (VSWR is equal to or less than 2%) 
was 226 MHz. 

EXPERIMENT 2 

40 [0071] The antenna element 3 shown in FIG. 4 was 
fabricated and the voltage standing wave ratio (VSWR) 
thereof was measured. Using a dielectric having a die- 
lectric constant er of 40, and tan 5 of 0.0002, a hexahe- 
dron substrate of 3.0 mm wide, 10 mm long, and 2 mm 
45 thick was prepared. FIG. 21 is a developed view of only 
conductors including the antenna element 20b, the 
ground conductor 82 of the printed wiring board 80, and 
conductors and leads for connecting them. In this draw- 
ing, the rear surface 14b and the bottom surface 15b of 
so the dielectric substrate 10b, and the ground conductor 
area 82 of the printed wiring board 80 are shown in this 
order from top to bottom. The both halves of the radia- 
tion electrode 20b were meandering quarter-wave an- 
tennas. The width of the conductor of the radiation elec- 
ts trode was 0.60 mm, and the gap width between the con- 
ductors was 0.60 mm. The antenna element 2 was 
mounted on the printed wiring board 80 in such a man- 
ner that the front surface of the substrate is brought into 
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wherein a portion of the first half between the first 
open end and the first connection terminal is asym- 
metric in form to a portion of the second half be- 
tween the second open end and the second con- 
5 nection terminal and/orthe power supply conductor 
is asymmetric in form to the ground conductor, 
thereby the total impedance of the power supply 
conductor and the portion of the first half between 
the first open end of the first half and the terminal 
10 of the power supply conductor at the other end for 
connecting to a high frequency signal source and 
the internal impedance of the high frequency signal 
source substantially match, in total impedance, the 
ground conductor and the portion of the second half 
15 between the second open end of the second half 
and the terminal of the ground conductor at the oth- 
er end for connecting to a ground. 

2. An antenna element as set forth in claim 1 , wherein 
20 the first and the second halves of the radiation elec- 
trode connect capacitively (C32, C42) to a ground 
(75) at the first and at the second open ends, re- 
spectively. 

25 3. An antenna element as set forth in claim 2, further 
comprising ground electrodes, formed adjacent to 
the first and the second open ends on the dielectric 
substrate, for connecting a ground (75), each of the 
ground electrodes connecting capacitively to the 
30 first and the second halves of the radiation elec- 
trode at the first and at the second open ends, re- 
spectively. 
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contact with the exposed ground conductor 82. 
[0072] FIG. 22 shows a freque ncy characteristic of the 
voltage standing wave ratio (VSWR). As is apparent 
from the graph, in the vicinity of the frequency of 2.44 
GHz, the antenna element according to the present in- 
vention had a frequency bandwidth equal to or wider 
than 1 00 MHz, within which the VSRW is equal to or less 
than 2%. The relative bandwidth (bandwidth/center fre- 
quency) thereof was4.1%. From the above description, 
it is apparent that the antenna element according to the 
present invention can provide a good characteristic 
even when it is in contact with the ground conductor of 
the printed wiring board and a high performance within 
a saved space. 

[0073] As described above in detail, the antenna ele- 
ment according to the present invention having the ra- 
diation conductor symmetrically disposed is compact, 
provides a good matching, can enhances the radiation 
efficiency, and allows the bandwidth to be widened. 



Claims 

1 . An antenna element comprising: 

a dielectric substrate (10), 
a radiation electrode (20) of an electric conduc- 
tor formed mainly on a surface (11) of the die- 
lectric substrate, 

the radiation electrode having a first (30) and a 
second (40) halves, 

the first and the second halves being substan- 
tially symmetric in form to 
one another with respect to the center of the 
radiation electrode and being to radiate with the 
same direction of main polarization of radiation 
emitted from the radiation electrode, 
the first half having a first open end (32) at its 
outer end and a first connection terminal (31) 
adjacent to the center, 

the second half having a second open end (42) 
at its outer end and a second connection termi- 
nal (41 ) adjacent to the center, the second con- 
nection terminal being at a distance from the 
first connection terminal on the radiation elec- 
trode, 

a power supply conductor (50) formed on the 
dielectric substrate and connected to the first 
connection terminal at one end of the power 
supply conductor and having at the other end 
a terminal for connecting to a high frequency 
signal - source (70), and 
a ground conductor (60) formed on the dielec- 
tric substrate and connected to the second con- 
nection terminal at one end of the ground con- 
ductor and having at the other end a terminal 
(61) for connecting to a ground, 



4. An antenna element as set forth in one of the claims 
1 to 3, wherein the radiation electrode is in a mean- 
dering form. 

5. An antenna element as set forth in one of the claims 
1 to 4, wherein the electric conductor width of each 



40 of the first and the second halves of the radiation 
electrode is narrowing from the center toward each 
of the open ends and the distance between the elec- 
tric conductors of each of the first and the second 
halves is increasing from the center toward each of 

45 the open ends. 

6. An antenna element as set forth in one of the claims 
1 to 5, wherein the electric conductor forming the 
radiation electrode discontinues between the first 

so connection terminal and the second connection ter- 
minal and is divided into the first and the second 
halves. 

7. An antenna element as set forth in one of the claims 
55 1 to 6, wherein the electric conductor forming the 

radiation electrode continues from the first half to 
the second half and has one of the first and the sec- 
ond connection terminals around the center of the 
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radiation electrode. 

8. An antenna element as set forth in one of the claims 
1 to 7, wherein each of the first and the second 
halves has a quarter of the radiation wavelength. 

9. An antenna element as set forth in claim 1 , further 
comprising another dielectric substrate formed on 
the surface of the dielectric substrate on which the 
radiation electrode is formed. 

10. A telecommunication device comprising: 

a printed wiring board (80) having a ground ar- 
ea (83) of the board with a ground conductor 
(82), a ground-free area of the board without a 
ground conductor and a high -frequency signal 
lead, and 

an antenna element, 

the antenna element comprising: 

a dielectric substrate (10), 
a radiation electrode (20) of an electric con- 
ductor formed mainly on a surface (11) of 
the dielectric substrate, 
the radiation electrode having a first (30) 
and a second (40) halves, 
the first and the second halves being sub- 
stantially symmetric in form to one another 
with respect to the center of the radiation 
electrode and being to radiate with the 
same direction of main polarization of radi- 
ation emitted from the radiation electrode, 
the first half having a first open end (32) at 
its outer end and af irst connection terminal 
(31) adjacent to the center, 
the second half having a second open end 
(42) at its outer end 

and a second connection terminal (41) ad- 
jacent to the center, the second connection 
terminal being at a distance from the first 
connection terminal on the radiation elec- 
trode, 

a power supply conductor (50) formed on 
the dielectric substrate and connected to 
the first connection terminal at one end of 
the power supply conductor and having at 
the other end a terminal connected to the 
high frequency signal lead on the printed 
wiring board, and 

a ground conductor (82) formed on the di- 
electric substrate and connected to the 
second connection terminal at one end of 
the ground conductor and having at the 
other end a terminal connected to a ground 
on the printed wiring board, 

wherein a portion of the first half between the first 



open end and the first connection terminal is asym- 
metric in form to a portion of the second half be- 
tween the second open end and the second con- 
nection terminal and/or the power supply conductor 
5 is asymmetric in form to the ground conductor on 
the dielectric substrate, 

thereby the total impedance of the power supply 
conductor and the portion of the first half between 
the first open end of the first half and the terminal, 
10 at the other end of the power supply conductor, con- 
nected to the high frequency signal lead and the im- 
pedance or the hign trequency signal source lyu) 
substantially match, in total impedance, the ground 
conductor and the portion of the second half be- 
ts tween the second open end of the second half and 
the terminal, at the other end of the ground conduc- 
tor, connected to the ground on the printed wiring 
board, 

wherein the antenna element is mounted on the 
20 ground-free area of the board so that a dielectric 
substrate surface other than the dielectric substrate 
surface on which the radiation electrode is formed 
faces the ground-free area. 

25 11 . A telecommunication device as set forth in claim 1 0, 
wherein the printed wiring board has the ground- 
free area of the board between the ground area of 
the board and a side edge of the board and 
the antenna element is mounted on the ground-free 

30 area of the board so that the dielectric substrate sur- 
face having the radiation electrode is adjacent to the 
side edge of the board and a dielectric substrate 
surface other than the dielectric substrate surface 
having the radiation electrode faces the ground-free 

35 area of the board. 

12. A telecommunication device as setforth in claim 11 , 
wherein the antenna element further comprises 
ground electrodes, formed adjacent to the first and 

40 the second open ends on the dielectric substrate, 
connected to the ground conductor on the printed 
wiring board, each of the ground electrodes con- 
necting capacitively to the first and the second 
halves at the first and the second open ends, re- 

45 spectively. 

13. A telecommunication device as set forth in claim 12, 
wherein the radiation electrode is in a meandering 
form. 

50 

14. A telecommunication device as set forth in claim 13, 
wherein the electric conductor forming the radiation 
electrode discontinues between the first connection 
terminal and the second connection terminal and is 

55 divided into the first and the second halves. 

15. A telecommunication device as set forth in one of 
the claims 1 to 14, wherein the electric conductor 
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width of each of the first and the second halves of 
tic -adiation electrode is*narrowing from the center 
toward each of the open ends and the distance be- 
tween the electric conductors of each of the first and 
no second halves is increasing from the center to- 5 
ward c-icr of the open ends. 

16. A tc ecorrrnunication device as set forth in claim 13, 
wherein the electric conductor forming the radiation 
ciectfoac continues from the first half to the second to 
half and has one of the first and the second connec- 
ton terminals around the center of the radiation 
ciectfoie 

17. A tc»ecoTTTiuncation device as set forth in one of 15 
neciams i tc Tti wherein each of the first and the 
seconc rwvtn* *as a quarter of the radiation wave- 
length 
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(54) Antenna element 

(57) An antenna element has a radiation electrode 
(20) lomnod mainly on one surface (11) of a dielectric 
substrate (10). The radiation electrode is substantially 
symmetric in form with respect to the center thereof , and 
has a first half (30) and a second half (40) with the same 
direction of main polarization of radiation emitted there- 
from Each of the halves of the radiation electrode may 
be a quarter-wave antenna for a wavelength of the emit- 
ted radiation. A power supply conductor (50) to be con- 



nected to a high frequency signal source (70) is con- 
nected to the first half of the radiation electrode, and a 
ground conductor (60) to be connected to a ground is 
connected to the second half. A total impedance of the 
first half of the radiation electrode and the power supply 
conductor and a total impedance of the second half of 
the radiation electrode and the ground conductor can 
substantially match to one another, so that resonance 
between the halves of the radiation electrode can be en- 
hanced and a wider bandwidth can be realized. 
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